Background {#sec1-0300060519893225}
==========

The modern medical environment requires nurses to have abilities of independent judgment, independent decision-making, and independent execution in clinical practice. Hence, nursing staff must be equipped with critical thinking skills.^[@bibr1-0300060519893225],[@bibr2-0300060519893225]^ Critical thinking pervades all human activities via the processes of thinking and reflection and is key in acquiring all of the abovementioned abilities.^[@bibr3-0300060519893225],[@bibr4-0300060519893225]^ In recent years, an increasing number of educators have realized the disadvantages of traditional teaching methods. Nursing educators have therefore attempted to implement various teaching methods, to improve critical thinking skills in nursing students.^[@bibr5-0300060519893225]^

In recent years, mind mapping has been applied in the field of nursing as a novel thinking method that has been integrated with teaching and learning.^[@bibr6-0300060519893225][@bibr7-0300060519893225][@bibr8-0300060519893225]--[@bibr9-0300060519893225]^ Mind mapping, as a new learning memory tool, was proposed in the early 1960s by Tony Buzan, a psychologist and educational expert in Britain.^[@bibr10-0300060519893225]^ Mind mapping uses a technique of combining drawings with words to build memory links between a topic keyword and image, color, or other link, thereby highlighting the key point and level of the memory contents, allowing learners to effectively store and extract information.^[@bibr10-0300060519893225]^ It has been revealed that mind mapping, as a training tool in thinking, not only improves learning efficiency but also increases learning motivation and interest.^[@bibr11-0300060519893225]^ However, there is a lack of evidence on whether mind mapping can be effectively applied to clinical practice education.

The aim of the present study was to analyze whether mind mapping can effectively improve the ability to think critically among clinical nursing students. We discuss the impact of mind mapping on critical thinking among nursing students in clinical practice and provide reference information for clinical teaching.

Participants and methods {#sec2-0300060519893225}
========================

Research participants {#sec3-0300060519893225}
---------------------

We selected nursing students at grade A tertiary hospitals in Fuzhou City using a convenience sampling method. All nursing students who were on duty in the medical and surgical wards from August 2016 to December 2016 were included in the study. The exclusion criteria were nursing students who did not wish to collaborate in the research process. In this study, all nursing students voluntarily participated in the research.

Research tools {#sec4-0300060519893225}
--------------

The questionnaire included basic information such as sex, age, and school information. The Chinese version of the Critical Thinking Disposition Inventory (CTDI-CV) was applied. The content validity of the CTDI-CV is 0.89, as revised by Peng^[@bibr12-0300060519893225]^ and other translators at Hong Kong Polytechnic University; the Cronbach\'s alpha value of the CTDI-CV is 0.90. This scale consists of seven dimensions: analyticity, open-mindedness, self-confidence, inquisitiveness, cognitive maturity, systematicity, and truth-seeking; there are 10 entries per each dimension, for a total of 70 entries. The content of these entries are assessed using six ranking levels, from "strongly agree" to "strongly disagree". In the questionnaire, scores from 6 to 1 were considered positive entries, with higher scores indicting stronger agreement; scores from 1 to 6 scores were considered negative entries, with higher scores indicting stronger disagreement. The total score of each dimension ranges from 10 to 60, in which a score ≥40 indicates a positive inclination toward critical thinking, a score \<30 a negative inclination, and a score of 30 to 40 indicates neither positive nor negative inclination toward critical thinking. The total score of the scale ranges from 70 to 420, with a score \<210 indicating a negative inclination, a score of 210 to 280 a neutral inclination, a score \>280 a positive inclination, and a score \>350 indicating a strong inclination toward critical thinking. In the present study, the Cronbach\'s alpha coefficient was 0.967.

### Questionnaire on the application of mind mapping in teaching activities {#sec5-0300060519893225}

We used a questionnaire addressing application of mind mapping to teaching activities. The survey was self-designed by the investigators to collect the students' attitudes and evaluations of mind mapping as a teaching method. The content validity of this questionnaire was revised by three clinical experts with senior professional titles in nursing and more than 5 years of clinical teaching experience. The content of the questionnaire included learning strategy function and clinical skill improvement for mind mapping, as well as the degree of adaptability of students to mind mapping, among other aspects. A 5-point Likert ranking scale was adopted, with response options of strongly disagree, disagree, uncertain, agree, and strongly agree. These were each given a score from one to five; a score \>4 indicated a positive attitude, a score of 3 a neutral attitude, and a score \<3 indicated a negative attitude. Open-ended questions were included to assess the thoughts of nursing students regarding the application of mind mapping to teaching.

This questionnaire was validated by seven experts in two-round Delphi surveys. The panelists included (1) medical or surgery nurse educators with at least 2 years' teaching experience, (2) at least 5 years' working experience, and (3) a bachelor's degree or above. Panelists evaluated the appropriateness and relevance of each item independently and provided their comments. The content validity index was calculated as the percentage of items identified as "relevant" or "very relevant"; this was 92% in the first round. Based on the experts' comments, three questions were modified. The content validity index in the second round, conducted 2 weeks later, was 100%.

The Cronbach's alpha of the questionnaire was 0.82. The internal consistency of the questions was 0.80, indicating an acceptable internal consistency.

Intervention method {#sec6-0300060519893225}
-------------------

During the internship period, basic knowledge training in mind mapping was provided by a full-time educator with a PhD and many years' experience in the application of mind mapping for nursing students. The training was conducted for a total of three sessions of 2 hours each. The main contents included the definition, development process, and role of mind mapping, as well as an introduction to the drawing software and drawing method. The researchers conducted three demonstrations of mind mapping using a clinical case diagram, to improve nursing students' understanding and comprehension of clinical mind mapping and to enhance their interest in learning the techniques. Each demonstration lasted about 40 minutes.

Each internship group, consisting of 4 to 6 members, learned and discussed the role and drawing method of mind mapping for a total of 3 to 5 sessions per group, for 30 to 40 minutes per session. Each group was allowed to independently select a topic for the mind mapping session, according to the educational contents of the Internship Department. Each group drew a mind map according to disease entities included in ward round teaching of the Internship Department. The investigators and clinical educators collected and summarized the data.

Data collection and statistical methods {#sec7-0300060519893225}
---------------------------------------

The investigators personally administered the questionnaires to nursing students before and after the intervention, and collected all completed questionnaires. Data before the intervention were collected just prior to nursing students beginning their clinical training in the medical and surgical wards. Data after the intervention were collected after students finished their training in the wards, about 2 months later.

Data input and statistical analysis were conducted using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). Comparative analysis was performed to assess the critical thinking ability of nursing students before and after the intervention using a paired *t*-test. The results of the analysis are reported using mean and standard deviation.

Ethical considerations {#sec8-0300060519893225}
----------------------

This study was conducted in accordance with the Declaration of Helsinki. The study was conducted with the approval of the Ethics Committee of The First Affiliated Hospital of Fujian Medical University. Written informed consent was obtained from all participants.

Results {#sec9-0300060519893225}
=======

Demographic variables of participants {#sec10-0300060519893225}
-------------------------------------

Sixty-four nursing students from grade A tertiary hospitals in Fuzhou City were recruited using a convenience sampling method. The age range of the included students was 21 to 23 years. Among participants, 62 (96.87%) were women and two (3.13%) were men; 34 (52.35%) students were undergraduate university students and 30 (46.2%) were junior college students. There were 14 student groups, with an average of 4 to 6 students per group.

Critical thinking inclination before and after intervention {#sec11-0300060519893225}
-----------------------------------------------------------

The results of the assessment of participants' inclination toward critical thinking before and after intervention are shown in [Table 1](#table1-0300060519893225){ref-type="table"}. The total score for critical thinking inclination among nursing students before the intervention was 263.95 ± 46.09, indicating a neutral inclination. The total score for students' critical thinking inclination after the intervention was 281.68 ± 46.14, indicating a positive inclination toward critical thinking. On comparing the critical thinking inclination before and after intervention, the inclination toward critical thinking of nursing students after the intervention was significantly improved compared with that before intervention (*t* = −0.74, *P* = 0.045).

###### 

Results for participants' inclination toward critical thinking, before and after the intervention (n = 64).

![](10.1177_0300060519893225-table1)

  Dimension            Scores before intervention (x ± s)   Scores after intervention (x ± s)   *t*     *P*
  -------------------- ------------------------------------ ----------------------------------- ------- ---------
  Analyticity          40.20 ± 5.85                         41.52 ± 4.92                        −0.30   0.76
  Open-mindedness      35.25 ± 5.83                         39.02 ± 5.62                        −4.13   0.00\*
  Self-confidence      39.81 ± 6.51                         40.95 ± 6.50                        −0.12   0.91
  Inquisitiveness      37.80 ± 6.10                         42.38 ± 6.39                        −3.90   0.00\*
  Cognitive maturity   36.59 ± 7.56                         38.86 ± 6.85                        −0.24   0.04\*
  Systematicity        37.88 ± 6.61                         40.92 ± 7.71                        −1.74   0.047\*
  Truth-seeking        36.42 ± 7.63                         38.03 ± 8.15                        −1.35   0.18
  Total score          263.95 ± 46.09                       281.68 ± 46.14                      −0.74   0.045\*

\**P \<* 0.05.

Critical thinking ability before and after intervention according to scores on each dimension {#sec12-0300060519893225}
---------------------------------------------------------------------------------------------

The four dimensions of open-mindedness, inquisitiveness, cognitive maturity, and systematicity among nursing students were also significantly improved after the intervention, as compared with those before intervention ([Table 1](#table1-0300060519893225){ref-type="table"}) (*P* \< 0.05). The four dimensions of analyticity, self-confidence, inquisitiveness, and systematicity after intervention showed a positive inclination toward critical thinking ([Table 1](#table1-0300060519893225){ref-type="table"}).

Survey results regarding mind mapping application in teaching {#sec13-0300060519893225}
-------------------------------------------------------------

Results of the survey on the application of mind mapping to teaching activities are shown in [Table 2](#table2-0300060519893225){ref-type="table"}. The survey revealed that in the overall evaluation (average score 4.13 ± 0.73) of the mind mapping teaching method, nursing students had a positive attitude toward knowledge memory enhancement, cultivation of analytical abilities, the ability to systematically organize information, and the ability to combine theory with practice, among other aspects, all with scores of more than 4. Most nursing students reported that they enjoyed learning mind mapping and were willing to use the method in their work, with scores of more than 4 ([Table 2](#table2-0300060519893225){ref-type="table"}).

###### 

Survey results regarding application of mind mapping in teaching activities (n = 64).

![](10.1177_0300060519893225-table2)

  Content   Attitude score (x ± s)                                                                                        
  --------- ------------------------------------------------------------------------------------------------------------- -------------
     1.     Helps increase the degree of knowledge memory                                                                 4.31 ± 0.61
     2.     Helps develop analytical skills                                                                               4.24 ± 0.55
     3.     Helps cultivate the ability to systematically organize various kinds of information                           4.58 ± 0.65
     4.     Helps with comprehensively and integrally grasping patients' information                                      3.84 ± 0.74
     5.     Helps link theoretical knowledge with clinical practice                                                       4.20 ± 0.68
     6.     Improves problem solving skills                                                                               3.92 ± 0.74
     7.     I can adapt to clinical education that integrates mind mapping                                                4.12 ± 0.85
     8.     I will draw mind maps while studying and working                                                              3.81 ± 0.94
     9.     I like teaching using mind mapping very much                                                                  4.06 ± 0.87
  10\.      I will use mind mapping often in my future work                                                               4.17 ± 0.85
  11\.      Applying mind mapping makes teaching more effective. I hope that educators will continue to use this method   4.21 ± 0.69
            Average                                                                                                       4.13 ± 0.73

In response to the open-ended questions, nursing students stated that the combination of mind mapping and professional knowledge can improve learning efficiency, contribute to learning memory, and cultivate analytical abilities. The main difficulties reported by participants in drawing mind maps ([Figure 1](#fig1-0300060519893225){ref-type="fig"}) were that the process is time-consuming, being unfamiliar with application software, and being unskilled in drawing, among others

![Examples of nursing student's mind map.](10.1177_0300060519893225-fig1){#fig1-0300060519893225}

Discussion {#sec14-0300060519893225}
==========

Improvement in critical thinking ability using mind mapping in nursing education {#sec15-0300060519893225}
--------------------------------------------------------------------------------

The research results revealed that the critical thinking ability of nursing students obviously improved after training in mind mapping, with neutral inclinations toward critical thinking before the intervention improving to positive inclinations post intervention. After the intervention, the four dimensions of analyticity, self-confidence, inquisitiveness, and cognitive maturity in critical thinking showed positive inclinations, indicating an enhanced desire for acquiring knowledge among nursing students and improved attitudes regarding independent investigation and initiative. These findings were consistent with research results reported by Chen and Zhang^[@bibr13-0300060519893225]^ and Chen and Zhao.^[@bibr14-0300060519893225]^ Therefore, our findings confirm that the application of mind mapping in teaching can improve the critical thinking ability of nursing students.^[@bibr15-0300060519893225],[@bibr16-0300060519893225]^ Mind mapping can be used to effectively integrate and optimize learning resources, helping to build a complete knowledge system. This approach will contribute to improving students' abilities of comprehensive analysis, resulting in a more scientifically rigorous and effective learning process.^[@bibr17-0300060519893225]^

At the intervention stage, clinical educators guide nursing students in acquiring comprehensive and systematic knowledge and skills. These students can in turn provide patients with integrated professional health services including basic nursing, condition observation, rehabilitation guidance, and health education.^[@bibr18-0300060519893225]^ At the internship stage, on-duty nursing students are full of intellectual curiosity and eager to apply their professional knowledge. Hence, this is a stage during which nursing students can attain a sense of accomplishment and responsibility. In our study, training in mind mapping helped nursing students adapt to new internship environments.^[@bibr9-0300060519893225],[@bibr19-0300060519893225]^ The training possessed a good guidance function in professional knowledge mastery for students during their short internship period.^[@bibr20-0300060519893225]^ Thus, the dimensions of open-mindedness, inquisitiveness, cognitive maturity, and systematicity were obviously improved in our participants. However, the dimensions of analyticity, self-confidence, and truth-seeking did not show improvement. This may be because the clinical educators in this study were unfamiliar with mind mapping and thus, could not provide adequate guidance for students in these dimensions.

Positive attitude toward the application of mind mapping in teaching nursing students {#sec16-0300060519893225}
-------------------------------------------------------------------------------------

In this study, we surveyed and interviewed participants and found that applying mind mapping in teaching has become a popular learning method among nursing students at the research hospitals in this study. Students reported that mind mapping helped to enhance their memory, to better acquire knowledge and analytical abilities and to systematically organize information. Students reported that they can adapt to mind mapping in clinical education that combines theory with practice, to acquire and improve their critical thinking abilities. In the present study, nursing students freely designed mind maps rather than being provided with a pre-drawn example. In this way, students' initiative for learning can best be mobilized.^[@bibr21-0300060519893225],[@bibr22-0300060519893225]^

Despite our positive findings, we revealed that mind mapping was ineffective in improving participants' problem-solving abilities. This is possibly related to the stronger emphasis on memory and learning efficiency of mind maps, with less emphasis on solving practical problems. In our study, nursing students reported that they might have less initiative to draw mind maps while learning because the process is time-consuming.

In conclusion, teaching using mind mapping can cultivate the critical thinking ability of nursing students. Furthermore, clinical educators can apply mind mapping during the training of these students in the internship process. This approach will help nursing students to acquire comprehensive skills and improve their initiative to learn.
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